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Abstract 
  In this work, our objective is to study in a first step links and  interaction between oil and stock markets in Tunisia 
in terms of volatility at the sector-level, and then in a second step to determine the best hedging strategy for oil-
stock portfolio against the risk  of negative variation in stock market prices. Our methodology consist to model the 
data by a bivariate GARCH model to capture the effect in terms of volatility in the variation of the oil price on the 
different sector index, and to use the conditional variances and conditional correlation to calculate the hedging ratio 
and determinate the best hedging strategy. The empirical results indicate that the majority of relationships are 
unidirectional from the oil market to Tunisian stock market, and the conditional variance of a stock sector returns is 
affected not only by the volatility surprises of the stock market, but also by those of oil market. The model 
GARCH-BEKK is more effective than the others versions to minimize the risk of oil-stock portfolio. 
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1. Introduction
    Oil has a great importance in the current world economy. In recent years, crude oil prices have reached record 
highs, and rising oil prices have posed a new threat to the global economy. Both academicians and energy market 
participants have focused on forecasting and modeling oil prices by quantifying and managing the risks inherent in 
their frequent volatilities. In particular, the information transmission of crude oil prices has drawn the attention of 
various academics and practitioners as crude oil prices play a prominent role in national economies. 
    Rising crude oil fluctuations affect the world economy in many different and significant ways. For example, 
rising crude oil prices increase the production costs of goods and services and the costs of transportation and 
heating. Thus, consumers, governments and practitioners are greatly concerned about the volatility of crude oil 
prices and its possible negative economic effects, such as those on business cycles (Mork, (1994), macroeconomics 
(Lee et al. (2001); Rafiq et al. (2009)), and inflation (Hooker (2002); Hamilton and Herrera (2004)). In addition, the 
speculation moved towards the oil market causing a price increase. The volatility of crude oil prices generated a 
bubble on the oil market which burst in July 2008.  
     Furthermore, Oil is one of the most important commodities in global financial markets. Consequently, both oil 
and financial markets underwent a period of high volatility raising the question of contagion and shocks 
transmission between the two markets during the turmoil period. The impact of changes in oil price on the equity 
prices is still a relatively young field of research. Most of these studies have reported significant effects of oil price 
changes on stock return (see for example: Jones and Kaul (1996), Ferderer (1996), Sadorsky (1999)). 
    While the channel effect from oil to stock returns may be explained by various stories, the reverse effect is more 
subtle. The stock market is forward looking, and hence, it may fall prior to an economic downturn, and rise before a 
recovery. On the contrary, oil prices depend on fundamentals of demand and supply and thus, they change 
contemporaneously with business cycles. 
     Although the rapidly expanding literature has examined the relationship between oil prices and the stock market 
in most developed countries, few studies have been conducted on the relationship between oil prices and stock 
markets in developing countries. Furthermore, little attention has been devoted to the impact of oil prices on stocks 
from a sector perspective. Unlike most existing research, this paper intends to investigate the relationships between 
oil prices and the stock market in Tunisia, using sector data. 
    The paper has two main objectives. (1) To examine the linkage between oil price and seven sector stock indices 
in Tunisia using a bivariate GARCH model. (2) To analyze the optimal weights and hedge ratios for oil–stock 
portfolio holdings based on our results. The remaining part of the paper is organized as follows: Section 2 discusses 
the findings of selected previous works on the links between oil price and stock markets. Section 3 presents the 
multivariate GARCH models. Section 4 provides a description of the data and summary statistics. Section 5 
discusses the empirical results and Section 6 provides the economic implications for designing optimal portfolios 
and formulating optimal hedging strategies. Section 7 gives some concluding comments. 
 
2. Literature review 
    Many researchers have brought a broad perspective to analyzing the relationship between oil prices and stock 
markets. Jones and Kaul (1996) examined the impact of oil price changes to a country’s economy of which reflected 
on stock return are possible to vary across countries depending on their oil production and consumption level. They 
found that for the US and Canada stock market reaction can be accounted for entirely by the impact of oil shocks on 
cash flows. The results for Japan and the UK were nevertheless inconclusive. 
    Huang et al. (1996) in their study concentrated on the relationship between daily oil futures returns and daily U.S. 
stock returns. Using a vector autoregressive (VAR) approach, they found that oil futures returns did lead some 
individual oil company stock returns but oil futures returns did not have much impact on broad based market indices 
though oil futures volatility led to the petroleum stock index volatility. 
    Sadorsky (1999) applied an unrestricted VAR model with GARCH effects to American monthly data and shows 
a significant relationship between oil price changes and US aggregate stock returns. Gjerde and Saettem (1999) 
demonstrate that stock returns have a positive and delayed response to changes in industrial production and that the 
stock market responds rationally to oil price changes in the Norwegian market. 
    Papapetrau (2001) in his study investigated the dynamic relationship between oil price shocks, stock exchange 
prices and economic activities (interest rate, work force) in Greece during period from 1989 to 1999. he concluded 
that the changes in the oil prices affect the real economic activities and they are important factors in studying the 
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stock exchange price movements of oil price. Ciner (2001) examines the causality between oil prices and stock 
return in the US again, but allows for nonlinearity in the relationship, proving that a significant nonlinear correlation 
exists. 
    Sadorsky (2001, 2003) investigates the impact of oil prices using industry level data in Canada and the US 
respectively. He finds a significant impact from oil to stock price returns in the oil and gas industry for Canada; and 
for the US case, he reports a link between oil price shocks and technology stock prices using monthly data from 
1986 to 1999. Hammoudeh and Aleisa (2002) find spillovers from oil markets to the stock indices of oil exporting 
countries, including Bahrain, Indonesia, Mexico and Venezuela. 
    In his study Maghyereh (2004) looked into the interaction between shocks that occurred in oil prices and stock 
markets of relevant countries. According to the results of the study, it was found that shocks that occured in oil 
prices did not have meaningful effect on stock index returns of developing countries. Basher and Sadorsky (2004), 
using a multifactor arbitrage pricing model, find strong evidence that oil price risk impacts returns of emerging 
stock markets. 
    Hammoudeh and Eleisa (2004) used a VAR model and cointegration tests in their study to check the bi-
directional relationship between Saudi stock returns and oil price. Their findings also suggested that the other GCC 
markets are not directly linked to oil prices and are less dependent on oil exports and are more influenced by 
domestic factors. Recently, El-Sharif et al. (2005) examined the links between oil price movements and stock 
returns in the UK oil and gas sector. They found a strong interrelationship between the two variables. Several 
studies have examined whether oil price changes affect stock markets in terms of return and volatility. 
     Voronkova (2004) explores the long-run cointegration relationships between the emerging central European 
stock markets and finds these relationships to be stronger than was reported before when instability is taken into 
account. The author also finds an equilibrium relationship with the developed markets, suggesting that the central 
European markets have become more integrated with the world markets. Using a smooth transition logistic trend 
model, Chelley-Steeley (2005) investigates whether the stock markets in Hungary, Poland, the Czech Republic and 
Russia have become less segmented and concludes that these markets have a consistent increase in their 
comovements with some of the other eastern European and developed markets. The author also finds that Hungary 
is the country that has become the most integrated. 
     Moreover, the relationship between oil prices and stock market has also been recently examined by several 
studies. Some of these studies are presented in table 1 
 
 
Table 1 
Previous research on the interactions between oil prices and stock markets.
Authors Purposes Methodology Main findings 
Abu Zarour (2006) This paper 
investigates the 
relation between oil 
prices and five stock 
markets in Gulf 
Countries. 
Period 
2001 – 2005 
Model 
VAR 
The response of these markets 
to shocks in oil prices increased 
and became faster during 
episodes of oil price increases. 
Ågren (2006) 
 
This paper examines 
the volatility 
transmission from oil 
prices to stock 
markets in five major 
developed countries 
(Japan, Norway, 
Sweden, the U.K., and 
the U.S.). 
Period 
the first week of 1989 
through week seventeen 
of 2005 
Model 
Asymmetric version of 
the BEKK–
GARCH(1,1) 
The author show strong 
evidence of volatility spillover 
from oil to all stock markets 
studied, except for Sweden. 
Malik and Hammoudeh  (2007) 
 
This paper examines 
the volatility and 
shock transmission 
mechanism among 
US equity, Gulf 
equity and global 
Period 
1994 - 2001 
Model 
multivariate GARCH 
That Gulf equity markets 
receive volatility from the oil 
markets, but only in the case of 
Saudi Arabia is the volatility 
spillover from the Saudi market 
to the oil market significant, 
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crude oil markets. underlining the major role that 
Saudi Arabia plays in the global 
oil market. 
Anoruo and Mustafa (2007) 
 
The authors examine    
the relationship 
between oil and stock 
market returns in 
U.S.A. 
Period 
1993-2006 
Model 
VECM 
It was revealed that there was a 
long term relationship 
(cointegration) between stock 
market and oil market and there 
was a one way causality 
relationship from stock market 
returns to oil market returns. 
Park and Ratti (2008) The authors look into 
the effect of the 
shocks that occurred 
in oil prices on stock 
exchange returns in 
the scope of U.S.A. 
and 13 European 
countries. 
Period 
1986-2005 
Model 
VAR 
They provide evidence of 
asymmetric effects on real stock 
returns for the U.S. and 
Norway, but little evidence of 
asymmetric effects for the oil 
importing European countries 
Rong-Gang Cong et al. (2008) This paper 
investigates the 
interactive 
relationships between 
oil price shocks and 
Chinese stock market. 
Period 
1996-2007 
Model 
VAR 
It was revealed that shocks that 
occurred in oil prices did not 
have meaningful effect on stock 
returns and some important 
shocks that occurred, negatively 
affected the stocks of oil 
companies. 
Miller and Ratti (2009) This paper examines 
the long term 
relationship between 
world crude oil prices 
and international 
stock exchanges. 
Period 
1971-2008 
Model 
VECM with additional 
regressors. 
It was observed that stock 
market indices respond 
negatively to the oil shock in 
the long run, but this negative 
relationship disintegrated after 
September 1999. Their results 
suggest existence of structural 
breaks in this relationship. 
Malik and Ewing(2009) This paper examines 
the volatility 
transmission between 
oil prices and five US 
sector indices. 
Period 
1992-2008 
Model 
BEKK–GARCH(1,1) 
 
The sectors considered include 
Financials, Industrials, 
Consumer Services, Health 
Care, and Technology, and the 
empirical results support the 
existence of significant 
transmission of shocks and 
volatility between oil prices and 
different stock market sectors. 
Oberndorfer (2009) The author look into 
the relationship 
between 
developments that had 
occurred in energy 
markets in Euro zone 
and prices of energy 
stocks in Europe. 
Period 
2002-2007 
Model 
ARCH and GARCH 
It was revealed that increases in 
oil prices negatively affected 
European stock returns, and 
volatilities in coal prices 
affected stock returns, but did 
not have a big impact as much 
as oil price and the natural gas 
had no effect on the prices of 
energy stocks. 
Chang et al. (2009) This paper examines 
the volatility 
spillovers between 
WTI (West Texas 
Intermediate) crude-
oil futures returns and 
stock returns of ten 
worldwide oil 
Period 
1998-2009 
Model 
multivariate GARCH 
 
The empirical findings show no 
volatility spillover effects in 
any pairs of return series. 
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companies. 
Arouri and Fouquau (2009) This paper examines 
the short-run 
relationships between 
oil prices and GCC 
stock markets 
Period 
1981-2007 
Model 
VAR 
Our findings show that there are 
significant links between the 
two variables in Qatar, Oman, 
and UAE. Thus, stock markets 
in these countries react 
positively to oil price increases. 
For Bahrain, Kuwait, and Saudi 
Arabia we found that oil price 
changes do not affect stock 
market returns. 
Aloui and Jammazi (2009) 
 
This paper 
investigates the 
conditional 
correlations and 
volatility spillovers 
between the crude oil 
and financial markets, 
based on crude oil 
returns and stock 
index returns. 
Period 
1998 - 2009 
Model 
Markov regime-
switching 
Find evidence for the UK, 
France and Japan. Specifically, 
an increase in oil prices has a 
significant role in determining 
both the volatility of stock 
returns and the probability of 
transition across regimes. 
Hammoudeh et al. (2009) This paper examines 
the dynamic volatility 
and volatility 
transmission oil and 
stock markets in four 
GCC’s economies 
(Kuwait, Qatar, Saudi 
Arabia and UAE). 
Period 
2001-2007 
Model 
VAR–GARCH 
The results suggested that past 
own volatilities matter more 
than past shocks and there are 
moderate volatility spillovers 
between the sectors within the 
individual countries, with the 
exception of Qatar. 
   
Filis (2010) The author looks into 
the relationship 
between 
macroeconomic 
factors (customer 
price index and 
industrial production), 
stock exchange and 
oil prices. 
Period 
1996-2008 
Model 
VAR 
It was determined that long 
term oil prices and stock 
exchange index had positive 
effect on customer price index, 
oil prices had negative effect on 
stock exchange and oil prices 
did not have any effects on 
industrial production. In the 
same way, no relationship was 
found between stock exchange 
and industrial production. 
Fyyad and Daly (2011) This paper examines 
the relationship 
between oil price and 
stock market returns 
for seven countries 
(Kuwait,Oman, UAE, 
Bahrain, Qatar, UK 
and USA). 
Period 
2005 -2010 
Model 
VAR 
 
Qatar and the UAE in GCC 
countries and the UK in 
advanced countries showed 
more responsiveness to oil 
shocks than the other markets in 
the study. 
Arouri et al.(2011) 
 
This paper examines 
the extent of volatility 
transmission between 
oil and stock markets 
in Europe and the 
United States at the 
sector-level. 
Period 
1998-2009 
Model 
VAR-GARCH 
 
The spillover is usually 
unidirectional from oil 
markets to stock markets in 
Europe, but bidirectional in 
the United States. 
Zhanga and Chena (2011) This paper 
investigates the 
Period 
1998 - 2010 
The results reveal that there are 
jumps varying in time in 
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impact of global oil 
price shocks on 
China’s stock market. 
Model 
ARJI(-ht)-GARCH 
China’s stock market, and that 
China’s stock returns are 
correlated only with expected 
volatilities in world oil prices. 
While world oil prices have a 
positive effect on China’s stock 
returns 
Filis et al. (2011) The paper investigates 
the time-varying 
correlation between 
stock market prices 
and oil prices for oil-
importing and oil-
exporting countries. 
Period 
1997 - 2009 
Model 
DCC-GARCH 
The empirical findings show 
that oil prices have a negative 
effect on all stock markets with 
only one exception during the 
2008 financial tsunami period. 
Rumi Masih et al.(2011) This paper examines 
the impact of oil 
prices on fluctuations 
and oil price volatility 
on equity market 
performance. 
Period 
1998 - 2005 
Model 
VEC 
Oil price shocks have two 
different negative effects on 
firm profitability. First, it has a 
direct negative effect because it 
increases the production costs 
of firms. And secondly, it has 
an indirect negative effect 
because investors foresee the 
decline in profit margins of 
firms and make decisions that 
affect the stock market indexes. 
Arouri et al. (2011) 
 
This paper 
investigates the return 
links and volatility 
transmission between 
oil and stock markets 
in the Gulf 
Cooperation Council 
(GCC) countries. 
Period 
2005-2010 
Model 
VAR-GARCH 
They reported that the recent 
crisis period led to an increase 
in the existence of volatility 
spillovers between oil and Gulf 
equity markets. 
Arouri et al. (2012) 
 
This paper examines 
the volatility 
spillovers between oil 
and stock markets in 
Europe. 
Period 
1998-2009 
Model 
VAR–GARCH 
Show significant volatility 
spillovers between oil price and 
sector stock returns, and suggest 
that a better understanding of 
those links is crucial for 
portfolio management in the 
presence of oil price risk. 
Basher et al.(2012) The authors study the 
dynamic link between 
oil prices, exchange 
rates and emerging 
market stock prices. 
Period 
1998 - 2009 
Model 
VAR 
Positive shocks to oil prices 
tend to depress emerging 
market stock prices and the 
trade-weighted U.S. dollar 
index in the short run. 
Su-Fang Li  et al. (2012) This paper studies the 
relationship between 
oil prices and the 
Chinese stock market 
at the sector level. 
Period 
2001-2010 
Model 
Panel cointegration tests 
Find evidence of structural 
breaks in the interaction 
between oil prices and Chinese 
sectoral stocks. 
Sadorsky  (2012) The author 
investigates the 
volatility spillover 
between oil prices and 
the stock prices of 
clean  energy 
companies and 
technology companies 
Period 
2001-2010 
Model 
Four multivariate 
GARCH 
models (BEKK, 
Diagonal, CCC and 
DCC) 
The empirical findings 
suggested that the stock prices 
of clean energy companies have 
received more impact from 
technology stock prices than oil 
prices. 
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Mollick and Assefa (2013) This paper examines 
the relationship 
between U.S. stock 
returns and oil prices. 
Period 
1999 - 2011 
Model 
GARCH and DCC-
GARCH 
Prior to the financial crisis, 
stock returns are slightly 
(negatively) affected by oil 
prices and by the USD/Euro. 
For the subsample of mid-2009 
onwards, however, stock returns 
are positively affected by oil 
prices and a weaker USD/Euro. 
Awartani and Maghyereh 
(2013) 
This paper examines 
the dynamic spillover 
of return and volatility 
between oil and 
equities in the Gulf 
Cooperation Council 
Countries. 
Period 
2004 - 2012 
Model 
multivariate GARCH 
Our results indicate that return 
and volatility transmissions are 
bi-directional, albeit 
asymmetric. 
    
 
    We remark that these studies have found relationships controversial. For some, there is a negative relationship 
between the oil price shocks and stock returns (see for example, Jones and Kaul (1996), Sadorsky (1999), Park and 
Ratti(2008)). For others, there is a positive relationship between the oil price and stock price of the oil company (see 
for example, Faff and Brailsford (1999), Sadorsky (2001, 2003), El-Sharif et al. (2005)). 
    A number of papers are dedicated to crude oil Futures. Part of the existing literature exhibits low and negative 
correlations between crude oil and stock markets, concluding on the diversification properties of crude oil Futures. 
Another set of papers investigates the distributional characteristics of those Futures returns, and concludes to their 
non-normality. 
    Within this context, there are numerous researches having different findings in the field literature that consider 
the relationship between oil prices and stock returns. Some recent papers focus on major European, Asian and Latin 
American emerging markets. Different methods and alternative data sources have been used in various studies, 
though it is generally agreed within the literature that international oil prices have a significant and negative impact 
on stock market returns. A number of previous papers apply vector autoregressive (VAR) models, vector error 
correction models (VECM) or others models to investigate the relationship between the oil and stock markets. 
Recent research has used multivariate GARCH specifications to model volatility spillovers between the crude oil 
and stock markets. 
    The relationship between oil prices and stock sectors has also been recently examined by several studies which 
mostly apply the standard VAR/VEC model. 
    Most of these studies discuss the relations using standard linear frameworks such as the (VAR) and (VEC) 
models. Few studies managed to use nonlinear techniques. These linear models therefore do not permit to capture 
the nonlinearity of the relationships, especially over certain periods of financial stresses and crises like the 2007–
2009 crisis. 
    Overall, compared to the previous literature, our investigation builds on the recent multivariate GARCH model, 
and moves from the market-level analysis to a sector-level analysis by taking the stock market sectors in Tunisia as 
a case study. It also offers insights into the potential gains of cross-market hedging as well as the sharing of 
common information by market operators. 
 
3. Multivariate GARCH models 
    The multivariate GARCH and its various extensions have been widely developed in the parameterization of 
conditional cross-moments. Different versions of MGARCH models haves been proposed. They differ in the 
characterization of the conditional variance matrix of a stochastic vector process. Bollerslev (1990) proposed a CCC 
model. Moreover, Engle and Kroner (1995) proposed a BEKK model that can be viewed as a restricted version of 
the VECH model.  
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a. Conditional Constant Correlation version (CCC) 
     In this model, the conditional correlation matrix is time-invariant, so the conditional covariance matrix can be 
expressed as follows:                                     
ܪ௧ ൌ ܦ௧ܴܦ௧                                                                           (1) 
Where: ܦ௧ ൌ ݀݅ܽ݃ሺ݄ଵ௧
ଵ
ଶൗ ǡ ǥ ǡ ݄ே௧
ଵ
ଶൗ ሻ and R = ൣߩ௜௝൧ is positive definite withߩ௜௜ = 1, for i= 1,.., N. 
Where 1  i, j  N. Where 1  i, j  N. The models for the processes {rit} are members of the class of univariate 
GARCH models. They are most often modelled as the GARCH (p, q) model, in which case the conditional 
variances can be written in a vector form: 
                                   ݄௞௞ǡ௧ ൌ ܥ௞௞ ൅ σ ܽ௞௜߳௜ǡ௧ିଵଶ ൅ σ ܾ௞௝
௣
௝ୀଵ ݄௞௞ǡ௧ିଵ
௤
௜ୀଵ                                                                (2) 
  The total number of parameters is:   N (1+p+q) +ቂேሺேାଵሻ
ଶ
ቃ.   
    The CCC model has been widely used in empirical research. Unfortunately, Longin and Solnik (1995) have 
shown that the assumption of constant correlations is not verified for international equity markets. 
 
b. VEC version 
    The VEC model was proposed by Bollerslev et al. (1988). This model can be presented as follows: 
          Vech(ܪ௧) = vech(ܥ଴כᇱܥ଴כ )  + σ ܣ௜
௤
௜ୀଵ  Vech(߳௧ିଵ߳௧ିଵ
ƍ ሻ ൅ σ ܤ௜ܸ݄݁ܿሺܪ௧ି௜ሻ
௣
௜ୀଵ                                              (3) 
Where vech(.) operator stacks the columns of the lower triangular part of a  ܰ ൈ ܰ matrix as a ேሺேାଵሻ
ଶ
ൈ ͳ vector 
and ܣ௜ and ܤ௜ are 
ேሺேାଵሻ
ଶ
ൈ ேሺேାଵሻ
ଶ
  matrices of parameters. 
For example, the bivariate VEC (1, 1) model is: 
Vechሺܪ௧ሻ = ቎
݄ଵଵǡ௧
݄ଵଶǡ௧
݄ଶଶǡ௧
቏ ൌ ൥
ܥଵଵ
ܥଵଶ
ܥଶଶ
൩ ൅ ൥
ܽଵଵ ܽଵଶ ܽଵଷ
ܽଶଵ ܽଶଶ ܽଶଷ
ܽଷଵ ܽଷଶ ܽଷଷ
൩቎
߳ଵǡ௧ିଵଶ
߳ଵǡ௧ିଵ߳ଶǡ௧ିଵ
߳ଶǡ௧ିଵଶ
቏+  ൥
ܾଵଵ ܾଵଶ ܾଵଷ
ܾଶଵ ܾଶଶ ܾଶଷ
ܾଷଵ ܾଷଶ ܾଷଷ
൩                                    (4)                  
    We remark that this model is in fact fairly general. For example, the first conditional variance is a function of its 
own lag but it is also a function of the conditional variance of the second series as well as the conditional covariance 
(all lagged). In this example there are 21 parameters to be estimated. Even if one rarely encounters orders higher 
than (1, 1) for (p, q), the number of parameters becomes too high for practical estimation because it is of the order 
of ܰସ (e.g. for ܰ ൌ ͵ it is equal to 78). 
    Even though it is easier to obtain positive definiteness of the conditional variance matrices for VEC model, the 
restrictions are still strong. 
 
c.   BEKK version 
    In this model, the conditional variance matrix is specified as: 
             ܪ௧ ൌ ܥ଴כᇱܥ଴כ ൅ σ σ ܣ௜௞כᇱ
௤
௜ୀଵ
௞
௞ୀଵ ߳௧ି௜߳௧ିଵƍ ܣ௜௞כ ൅ σ σ ܤ௜௞כᇱ
௣
௜ୀଵ
௞
௞ୀଵ ܪ௧ି௜ܤ௜௞כ                                                (5) 
Whereܥ଴כ,ܣ௜௞כ  andܤ௜௞כ  are ሺܰ ൈ ܰሻ matrices but ܥ଴כ is a lower triangular matrix. 
    The summation limit ݇ determines the generality of the process. BEKK is almost as general as VEC as it includes 
all diagonal representation of VEC and almost all positive definite VEC representations. The standard BEKK 
parameterization for the bivariate GARCH model (1, 1) is written as: 
                                        ܪ௧ ൌ ܥ଴כᇱܥ଴כ ൅ ܣଵଵכᇱ ߳௧ିଵ߳௧ିଵᇱ ܣଵଵכ ൅ ܤଵଵכᇱ ܪ௧ି௜ܤଵଵכ                                                           (6) 
ܪ௧ ൌ ܥ଴כᇱܥ଴כ ൅ ൤
ܽଵଵכ ܽଵଶכ 
ܽଶଵכ ܽଶଶכ 
൨
ᇱ
ቈ
߳ଵǡ௧ିଵଶ ߳ଵǡ௧ିଵ߳ଶǡ௧ିଵ
߳ଶǡ௧ିଵ߳ଵǡ௧ିଵ ߳ଶǡ௧ିଵଶ
቉ ൤
ܽଵଵכ ܽଵଶכ
ܽଶଵכ ܽଶଶכ
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                                      +൤
ܾଵଵכ ܾଵଶכ 
ܾଶଵכ ܾଶଶכ 
൨
ᇱ
ܪ௧ିଵ ൤
ܾଵଵכ ܾଵଶכ
ܾଶଵכ ܾଶଶכ
൨                                                                                 (7)                  
    Where ܪ௧ is a ʹ ൈ ʹ matrix of conditional variance-covariance at time t, and C is a ʹ ൈ ʹ  lower triangular matrix 
with three parameters. A is a ʹ ൈ ʹ square matrix of parameters and measures the extent to which conditional 
variances are correlated to past squared errors. The elements of A capture the effects of shocks or events on 
volatility (conditional variance). B is a ʹ ൈ ʹ squared matrix of parameters and shows the extent to which current 
levels of conditional variances are related to past conditional variances.The main advantage of this specification is 
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that it guarantees the positive definiteness of the covariance matrix under very weak conditions, and it reduces 
meaningfully the number of parameters to estimate. 
    In the following section, we will use a bivariate GARCH model, for which a BEKK representation is adopted to 
examine the volatility spillover between oil prices and stock market sectors in Tunisia, as well as to derive the 
implications of the results on optimal weights and hedge ratios for oil-stock portfolio holdings. 
    In what follows we present the bivariate framework of the VAR (1)-GARCH-BEKK (1, 1) model and three 
competing models (CCC-, DVEC-, BEKK-GARCH (1, 1)). The former is considered our benchmark model, and the 
latter are used especially to compare the results of diversification and hedging effectiveness. 
 
4. Data and descriptive statistics 
    Our sample data for the equity segments cover seven sectors in Tunisia (Tunindex sector indices): Automobile & 
Parts, Banks, Basic Materials, Utilities, Industrials, Consumer services, and Financial services. Data for weekly 
sector indices are obtained from official site of Tunisian stock exchange market (BVMT). For the crude oil market, 
we consider two representative crude oil prices, the WTI and Brent prices taken from the Energy Information 
Administration (EIA) database. The data base has a weekly frequency over the period from 2 April 2006 to 12 July 
2012, recorded at the close of each trading week (With a total of 339 observations). Each sector index is composed 
of a set of Tunisian companies of the same activity sector (table 1). 
    The return series of the ten prices are computed by ܴ௜ǡ௧ ൌ ൫ ௜ܲǡ௧Ȁ ௜ܲǡ௧ିଵ൯ ൈ ͳͲͲ for t=1, 2,…,T, where ܴ௜ǡ௧denotes 
the continuously compounded returns for indices i at time t , and ௜ܲǡ௧ , denotes the closing price of  indices i at time 
t. Figure 1 and figure 2 present weekly returns for some different indices. 
    
Table 2 
 Tunisian companies included in the calculation of each sector index.   
Sector indices Companies
Automobile & Parts ASSAD, GIFFILTER, STEQ, STIP.
Banks AMEN BANK, ATB, ATTIJARI BANK, 
BH, BIAT, BNA, BT, BTE, UBCI, UIB 
Basic Materials AMS, CARTHAGE CEMENT, CIMENT 
DE BIZERTE, ESSOUKNA, SIMPAR, 
SITS, SOMOCER. 
Utilities SFBT, TUNISIE LAIT, SOPAT, PGH, 
ELECTROSTAR 
Industrials SIAME, SOTUVER, SOTRAPIL, 
SOTETEL, HEXABYTE, SERVICOM, 
TELNET HOLDING. 
Consumer services ENNAKL, MAGASIN GENERAL, 
MONOPRIX, SOTUMAG, TUNISAIR, 
ADWYA, SIPHAT, ARTES. 
Financial services ATL, ATTIJARI LEASING, CIL, 
ELWIFACK LEASING, MODERN 
LEASING, TUNISIE LEASING, 
PLACEMENT DE TSIE, SPDIT-SICAF, 
TUNNIVEST-SICAF. 
 
    The descriptive statistics for each of the return series are presented in table 2. These statistics including mean 
(Mean), standard deviations (Std. dev.), maximum (Max), minimum (Min), skewness (Skew.), and kurtosis (Kurt.). 
ARCH refers to the empirical statistics of the statistical test for conditional heteroscedasticity of order six. LB is the 
empirical statistics of the Ljung–Box tests for autocorrelations applied to raw return series. JB are the empirical 
statistics of the Jarque–Bera test for normality based on skewness and excess kurtosis. The sample moments 
indicate that empirical distribution of weekly returns is all skewed and leptokurtic (except industrials sector return), 
when compared with the normal distribution. In addition, the Bera-Jarque statistic confirms that weekly returns are 
not normally distributed. 
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     As reported in Table 3, all of the return series were found to be leptokurtic. The Jarque–Bera test statistics (JB) 
clearly confirm the rejection of the null hypothesis of normality for all return series. Note that the Ljung–Box 
statistic indicated autocorrelation in all returns. In addition, we find strong evidence of ARCH effects for all series 
considered, which thus supports our decision to employ a GARCH modeling approach to examine volatility 
transmission between oil and stock markets. The WTI returns were more volatile than the other sectors as measured 
by standard deviation. The least volatile sector is the banks one. 
Table 3  
 Descriptive statistics. 
Index Mean 
(%) 
Min Max Std.de. 
(%) 
Skew. Kurt. JB ARCH Q(12) Q²(12) 
TWI 0.085 -33.284 24.317 5.754 -0.942 6.199 573.76* 140.12* 45.68* 323.83* 
Brent 0.134 -25.335 24.141 5 -0.624 3.569 194.85* 78.20* 17.959 167.92* 
Tunindex 0.331 -13.685 7.911 1.806 -1.840 15.443 3452.7* 56.37* 20.296 56.435* 
Automobile&Parts 0.312 -16.098 12.347 3.007 -0.355 5.475 415.60* 11.64* 24.675* 51.716*
Banks 0.315 -12.575 8.941 1.990 -1.036 9.327 1248.8* 63.49* 13.840 59.814*
Basic Materials 0.100 -15.239 15.495 3.642 0.382 3.345 160.03* 86.33* 34.117* 120.63*
Utilities 0.329 -15.766 12.477 2.536 0.0008 9.067 1123.1* 11.65* 18.085 11.544
Industrials 0.203 -12.140 13.425 3.072 0.4503 2.891 124.59* 72.35* 27.429* 90.682*
Consumer Services 0.407 -18.079 12.786 2.573 -0.250 10.621 1545.3* 18.78* 13.571 17.537
Financial services 0.490 -16.627 10.897 2.579 -0.833 9.6513 1311.5* 47.42* 29.814* 51.656
Notes: ARCH refers to the empirical statistics of the statistical test for conditional heteroscedasticity of order twelve. LB are the 
empirical statistics of the Ljung–Box tests for autocorrelations of order twelve applied to raw return series. JB are the empirical 
statistics of the Jarque–Bera test for normality based on skewness and excess kurtosis. 
(* ) indicate the rejection of the null hypothesis of associated statistic tests at the 5% level. 
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Fig. 1. WTI, Brent, Tunindex and Automobile sector index returns over time. (period from 2 April 2006 to 12 July 2012).
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              Fig. 2. Banks, Basic amterials, Utilités and industrials sector returns over time. (period from 2 April 2006 to 12 July 2012). 
5. Empirical results 
5.1. Oil price effect on Tunisian stock returns at sector-level 
    In order to measure the links existing between returns in sectors and the oil market, we estimate a bivariate 
GARCH model each containing oil returns and the returns on the index for the corresponding sector. In particular, 
we examine the estimated result of time-varying variance-covariance by the BEKK (1,1) model. To have a more 
precise picture of the role of each parameter in the system, we develop the mean and variance equations of the 
model: 
 
ݎଵǡ௧ ൌ ߤଵ ൅ ݈ଵଵݎଵǡ௧ିଵ ൅ ߳ଵ௧ 
ݎଶǡ௧ ൌ ߤଶ ൅ ݈ଶଶݎଶǡ௧ିଵ ൅ ߳ଶ௧                                            
݄ଵଵǡ௧ ൌ ܿଵଵଶ ൅ ܿଶଵଶ ൅ ܽଵଵଶ ߳ଵ௧ିଵଶ ൅ ʹܽଵଵܽଶଵ߳ଵ௧ିଵ߳ଶ௧ିଵ ൅ ܽଶଵଶ ߳ଶ௧ିଵଶ ൅ 
ܾଵଵଶ ݄ଵǡ௧ିଵ ൅ ʹܾଶଵܾଵଵ݄ଵଶǡ௧ିଵ ൅ ܾଶଵଶ ݄ଶǡ௧ିଵ 
݄ଵଶǡ௧ ൌ ܿଵଵܿଵଶ ൅ ܽଵଵܽଶଶ߳ଵ௧ିଵଶ ൅ ሺܽଵଶܽଶଵ ൅ ܽଵଵܽଶଶሻ߳ଵ௧ିଵ߳ଶ௧ିଵ ൅ 
ܾଵଵܾଵଶ݄ଵǡ௧ିଵ ൅ ሺܾଵଶܾଶଵ ൅ ܾଵଵܾଶଶሻ݄ଵଶǡ௧ିଵ ൅ ܾଶଵܾଶଶ݄ଶǡ௧ିଵ 
݄ଶଶǡ௧ୀ ൌ ܿଵଶଶ ൅ ܿଶଶଶ ൅ ܽଵଶଶ ߳ଵ௧ିଵଶ ൅ ʹܽଵଶܽଶଶ߳ଵ௧ିଵ߳ଶ௧ିଵ ൅ ܽଶଶଶ ߳ଶ௧ିଵଶ + 
ܾଵଶଶ ݄ଵǡ௧ିଵ ൅ ʹܾଵଶܾଶଶ݄ଵଶǡ௧ିଵ ൅ ܾଶଶଶ ݄ଶǡ௧ିଵ
    Where ݄ଵଵǡ௧  denotes the conditional variance for world crude oil market returns at time t, ݄ଵଶǡ௧describes the 
conditional covariance between oil market returns and those of a  corresponding sector market, and ݄ଶǡ௧denotes the 
conditional variance of those sector index returns. In addition, the parameters ܽଵଶ, ܽଶଵ, ܾଵଶ,ܾଶଵreveal how shock 
and  volatility are transmitted over time and between crude oil market and Tunisian sector stock markets. The off-
diagonal elements of matrices A and B capture cross-market effects, such as shock spillovers (ܽଵଶ and  ܽଶଵ) and 
volatility spillovers (ܾଵଶand ܾଶଵ).
     The parameters of the bivariate GARCH model can be estimated by the maximum likelihood estimation method 
optimized with the Berndt, Hall, Hall and Hausman (BHHH) algorithm. To check the existence of any linear or non-
linear dependence in standardised residuals, we use the Ljung-Box Q-statistics for standardised residuals and 
squared standardised residuals. 
    As in univariate case, we assume that the residuals follow a conditional multivariate normal distribution with 
mean 0 and variance-covariance matrix. Table 4 show the estimation results of our bivariate VAR (1)-GARCH-
BEKK (1,1) model for the eight pairs of oil-stock market returns in Tunisia, together with statistical tests applied to 
standardized residuals. 
  Regarding the extent of volatility transmission between oil and stock markets in Tunisia, the results show that in 
the aggregate the conditional volatility of the returns on the Tunindex is significantly affected by unexpected 
changes in the Brent oil market. An oil shock, regardless of its sign, thus implies an increase in the volatility of 
Tunisian stock markets. Among all the sector stocks, the estimation results indicate that the volatility of oil price 
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returns is significantly affected by its own news and its past volatility, due to the significance of coefficients ܽଵଵ and  
ܾଵଵ. 
    Beginning with the oil-automobile & parts pair, the estimation results indicate that the volatility of the automobile 
& parts sector is indirectly affected by the unexpected oil market news and the past conditional variance of oil 
market, as indicated by the significant coefficientsܽଵଶ and  ܾଵଶ. In fact, it appears that the automobile & parts sector 
market is significantly sensitive to crude oil price. The volatility of returns in the automobile & parts sector market 
is affected by its own news and volatility, its volatility is affected by a news impact of oil market returns. 
    The oil-banks sector model show a bidirectional shock spillover between banks sector and oil market. However, 
the bank sector are well developed and still integrated with developed market. 
    For Basic Materials sector, we note that the basic materials sector is affected by volatility of the oil returns, as 
indicated by the significant coefficients ܾଵଶ. Additionally, the volatility of basic materials sector is affected by the 
unexpected oil market news. Indeed, the rise in oil prices may intensify the sector return volatility through changes 
in the oil supply for this industry as well as consumer demand for its manufactured products. To minimize the 
unfavorable impact of rising oil prices, an effective hedging strategy is thus of great interest. In terms of the oil-
utilities sector model, our findings suggest that utilities sector return volatility is affected by the unexpected oil 
market news and the volatility of oil market. The activity of utilities sector firms is affected by volatility in oil 
market. In this point, the performance of these firms is dependent on oil price changes. 
Table 4 
Estimates of bivariate VAR (1)-GARCH-BEKK (1,1) model for oil and stock sectors. 
Variables 
 
Tunindex Automobile&
Parts 
Banks Basic 
Materials 
Utilities Industrials Consumer 
Services 
Financial 
services 
Oil& 
Stock 
Oil& 
Stock 
Oil& 
Stock 
Oil& 
Stock 
Oil& 
Stock 
Oil& 
Stock 
Oil& 
Stock 
Oil& 
Stock 
Conditional mean equation 
݇ଵ 0.2437 0.2737 0.2532 0.2701 0.3146 0.2712 0.2770 0.2281 
݇ଶ 0.4092* 0.1264 0.3406 0.1477 0.2801* 0.1981 0.3193*
 0.4854*
݈ଵଵ 0.0324 -0.0093 0.0411 0.0292 0.0120 0.0281 0.0077 0.0523 
݈ଶଶ 0.0840 0.0414 0.1732* 0.1179* 0.0296 0.1363* -0.0262*
 0.0650
Conditional variance equation 
ܿଵଵ 1.5486* 0.8871* 1.2598* 1.0851* 1.0686* 1.1138* 1.0375* 1.3933*
ܿଶଵ 0.06130 0.16455 0.0482 -1.4456* 1.4376 -1.0697* -0.2783 0.30113*
ܿଶଶ 0.4972* 0.9326* 0.4570* 1.5708* 1.4376* 1.1744* 1.3016* 0.0020*
ܽଵଵ 0.3389* 0.2221* 0.3084* 0.1419* 0.2888* 0.1208* 0.2808* 0.2832*
ܽଶଵ 0.0338 -0.0144
 0.0333* -0.0637 0.0422 -0.0283 0.0612 0.0436
ܽଵଶ 0.1466* 0.1417* 0.2365* 0.1372* 0.0009* 0.1603* -0.092* -0.2415*
ܽଶଶ 0.3560* 0.4971* 0.3855* 0.4939* 0.2532* 0.4819* 0.5326* 0.3085*
ܾଵଵ 0.8831*
 0.9547* 0.9098* 0.9431* 0.9308* 0.9442* 0.9350* 0.9059*
ܾଶଵ -0.0190 0.1753 -0.0166 0.0251 -0.0153 -0.0048 -0.0099 -0.0519
ܾଵଶ -0.0578* -0.1209* -0.085* 0.1187* -0.084* 0.1558* 0.0435* 0.1180*
ܾଶଶ 0.8948* 0.8266* 0.8996* 0.6171* 0.7573* 0.7062* 0.6892* 0.9394*
JB1 25.65* 26.04* 24* 21.39* 26.55* 19..32* 27.52* 27.27*
JB2 2775.6* 292.42* 1031* 67.96* 1367.7* 36.38* 294.36* 609.88*
ܳଵሺͳʹሻ 9.145 10.19 8.859 8.142 9.086 11.08 9.762 9.076
ܳଶሺͳʹሻ 7.465 12.61 8.932 14.739 4.580 15.97 4.514 13.951
ܳଵଶሺͳʹሻ 8.565 17.133 8.405 10.739 9.351 10.97 9.869 12.03 
ܳଶଶሺͳʹሻ 6.227 4.817 11.039 8.316 12.233 18.40 9.708 11.43 
AIC 3341.856 3659.811 3401.4 3784.646 3605.83 3681.428 3574.622 3563.376 
Note: Q(12) and  Q²(12) are the Ljung–Box  test statistic checks for the serial correlation of squared standardized residuals. 
 The AIC criterion measures the relative goodness of fit of the estimated model. (*) indicate the rejection of the null hypothesis 
of associated statistic tests at the 5% level. 
   
  
 In the results from the oil-industrials model, we note that the volatility of the industrials sector is indirectly affected 
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by the unexpected oil market news and the past conditional variance of oil market, as indicated by the significant 
coefficients ܽଵଶ and  ܾଵଶ.This finding is likely due to the amount of oil-related products demanded by firms in the 
industrials sector. That is, firms in the industrials sector are major demanders and users of oil and petroleum-based 
products. Thus, these firms have developed strategies for effective mitigation of the impacts of oil return volatility 
(e.g., futures contracts, derivatives, etc.). In the results from the oil-consumer services model, we note that the 
volatility of consumer sector returns is directly affected by its own news and volatility, and indirectly affected by 
the unexpected news and the past conditional variance of oil market. Indeed, the performance of these firms is 
dependent on the oil price changes.  In this sense, the consumer return volatility is affected by the volatility in the 
oil sector as increases in either energy price or uncertainty would likely impact demand for goods and services 
typically purchased by consumers. 
    Finally, the results for the oil-financial services model are very similar to those of the oil-industrials model in that 
stock sector volatility reacts significantly to unexpected shocks to the oil market. The oil price increases tend to 
affect consumer and investor confidence and demand for financial products, while rising financial stock prices are 
often indicative of higher oil consumption due to increasing production activity. 
6. Implications for portfolio designs and hedging strategies with oil assets 
6.1. Optimal portfolio weights and hedge ratios 
    Our previous findings suggest that the volatility transmission across oil market and sector stock markets is a 
crucial element for efficient diversified portfolios and risk management.  We first present the empirical results from 
estimating our bivariate (BEKK-CCC-, DVEC-GARCH) models. We then show how estimation results of all 
models considered can be used to compute the optimal weights and hedge ratios of an oil-stock portfolio. Finally, 
we empirically compare the diversification and hedging effectiveness across models. 
    Investors in some stock sectors may need to hedge oil risk more effectively than they have to if they hold stocks 
of companies in other sectors. Practically, portfolio managers are required to quantify the optimal weights and 
hedge ratios in order to effectively hedge oil price change risk. For minimizing the risk without reducing expected 
returns, we now consider a portfolio construction of oil price and stock sector indices. Following Kroner and Ng 
(1998), the portfolio optimal weights of oil asset and sector stock holding is given by: 
                                    ݓଵଶǡ௧ ൌ
୦మమǡ೟ି୦భమǡ೟
୦భభǡ೟ା୦మమǡ೟ିଶ୦భమǡ೟
                                                                      (8)         
Under the condition that      ݓଵଶǡ௧ ൌ ቐ
Ͳǡݓଵଶǡ௧ ൏ Ͳ
ݓଵଶǡ௧ǡͲ ൑ ݓଵଶǡ௧ ൑ ͳ
ͳǡݓଵଶǡ௧ ൐ ͳ
 
    where ݓଵଶǡ௧ refers to the weight of oil asset in a one-dinars portfolio of the two assets  defined above at time t , 
݄ଶଶǡ௧ and ݄ଵଵǡ௧ are the conditional variances of the sector stock  index and the oil price, respectively, and ݄ଵଶǡ௧ is the 
conditional covariance between oil  price and sector stock returns at time t. The optimal weight of the sector stock 
index in the considered portfolio is obtained by computing this amount൫ͳ െ ݓଵଶǡ௧൯. 
       As for hedge ratios, Kroner and Sultan (1993) considered the conditional volatility estimates. For minimizing 
the risk of this portfolio (oil and sector stock markets), we  measure how much a long position (buy) of one dinars in 
the oil market should be hedged by a short position (sell) of ߚଵଶǡ௧dollar in the sector stock index, that is: 
                                      ߚଵଶǡ௧ ൌ
௛మమǡ೟
௛భభǡ೟
                                                         (9) 
    We report in Table 5 the average values of realized optimal weights ݓଵଶǡ௧and hedge ratiosߚଵଶǡ௧. 
    As shown in table 5, the coefficients shows that the optimal weights for the oil asset in the hedged portfolios vary 
substantially across sectors, but they are only slightly different across models used. For example, the average 
optimal weight for the Tunindex-Oil portfolio is 0.152, 0.146 and 0.155 when using BEKK, CCC and DVEC 
versions of multivariate GARCH model respectively.  
    Using a bivariate GARCH model with the BEKK framework, the highest average value of optimal weights for 
the basic materials - oil portfolio is 0.352, indicating that the optimal weight of oil asset holding is 35.2% and the 
remaining proportion of 64.8% is invested in the basic materials sector stocks. The lowest average optimal weight 
for the Banks - Oil portfolio is 0.182, suggesting that 18.2% should be invested in oil asset and the remaining 
proportion of 81.8% invested in the banks sector. 
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Fig.  3. Evolution of the optimal weights, hedge ratios, returns and variance of the optimal  
portfolio for the Tunindex - oil portfolio from the BEKK-GARCH model. 
 
Table 5  Optimal portfolio weights and hedge ratios for pairs of oil and stock sectors. 
Portfolio BEKK-
GARCH 
CCC- 
GARCH 
DVEC-
GARCH 
Tunindex / Oil    
ݓଵଶǡ௧ 0.152 0.146 0.155 
ߚଵଶǡ௧ 0.040 0.0238 0.044 
Automobile & Parts / Oil    
ݓଵଶǡ௧ 0.247 0.253 0.257 
ߚଵଶǡ௧ 0.057 0.043 0.031 
Banks / Oil    
ݓଵଶǡ௧ 0.182 0.1815 0.191 
ߚଵଶǡ௧ -0.052 -0.047 -0.066 
Basic Materials / Oil    
ݓଵଶǡ௧ 0.352 0.342 0.344 
ߚଵଶǡ௧ 0.037 0.045 0.012 
Utilities / Oil    
ݓଵଶǡ௧ 0.257 0.231 0.228 
ߚଵଶǡ௧ 0.010 0.018 0.005 
Industrials / Oil    
ݓଵଶǡ௧ 0.287 0.280 0.283 
ߚଵଶǡ௧ 0.025 0.026 0.007 
Consumer Services / Oil    
ݓଵଶǡ௧ 0.235 0.243 0.239 
ߚଵଶǡ௧ -0.061 -0.035 -0.065 
Financial services / Oil    
ݓଵଶǡ௧ 0.217 0.223 0.223 
ߚଵଶǡ௧ -0.018 0.002 -0.005 
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    In general, our results show that, to minimize the risk without lowering the expected return, investors in Tunisia 
should have more stocks than oil in their portfolios. 
    In summary, our findings provide an important guideline on building optimal risk portfolios between oil and 
stock sector market and some benefits from the optimal diversifiable portfolio to minimizing the oil price risk 
without any impairment of expected returns. 
6.2. Diversification and hedging effectiveness 
    We now look into diversification and hedging effectiveness by actually running the portfolio simulations with our 
optimal portfolio designs and hedging ratios. We use the estimates of three GARCH models (BEKK-, CCC-, and 
DVEC-GARCH) to build two portfolios: a portfolio of stocks (PF I) and a weighted oil-stock portfolio with the 
optimal weights (PF II). 
    The effectiveness of the portfolio diversification is judged by comparing the realized risk and return 
characteristics of the considered portfolios. The effectiveness of hedging across constructed portfolios can be 
evaluated by examining the realized hedging errors, which are determined as follows (Ku et al., 2007): 
                       ܪܧ ൌ ൬௏௔௥ೠ೙೓೐೒೐೏ି௏௔௥೓೐೏೒೐೏
௏௔௥ೠ೙೓೐೒೐೏
൰                                                          (10) 
   Where the variances of the hedge portfolio ൫ܸܽݎ௛௘ௗ௚௘ௗ൯ are obtained from the variance of the return on the oil-
stock portfolios (PF II), whereas the variance of the unhedged portfolio ൫ܸܽݎ௨௡௛௘௚௘ௗ൯ is the variance of the return 
on the portfolio of stocks (PF I). A higher HE ratio indicates greater hedging effectiveness in terms of the 
portfolio’s variance reduction, which thus implies that the associated investment method can be deemed a better 
hedging strategy. 
      Figure 2 shows the evolution of the optimal weights, hedge ratios, returns and variance of the optimal portfolio 
for the Tunindex - oil portfolio from the BEKK-GARCH model.  
     We report in table 6 the average values of mean return, average standard deviation, and risk-adjusted return of 
each portfolio.  The results from portfolio simulations in table 5 show that adding the oil asset to the diversified 
portfolios improves their risk-adjusted return ratios. In general, this result holds for all cases and for all models we 
consider. The BEKK-GARCH model provides the best risk-adjusted return ratios in four out of sixteen pairs of 
oil/stock markets, followed closely by the CCC-GARCH and DVEC-GARCH–each prevails in two cases. The 
variance of portfolio and hedging effectiveness (HE) ratios are reported in table 7. 
     The results show that hedging strategies involving oil and stock assets make it possible to reduce portfolio risk 
(variance) considerably. When only the models that provide the best hedging effectiveness for each pair of markets 
are considered, the variance reduction ranges from 20.341 % (Tunindex) to 33.985% (Basic Materials). 
    As shown in table 6, the lowest and highest HE ratios are given by the CCC GARCH. Moreover, this variance 
reduction differs significantly across sectors. The portfolio variance is reduced most greatly when the BEKK-
GARCH are used. In addition, the BEKK-GARCH model is more effective than the others models to minimize the 
risk of oil-stock portfolio. 
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Table 6 
Portfolio designs and diversification in presence of the oil asset. 
Portfolio Mean Std.dev. Realized risk 
adjusted 
returns (100) 
Tunindex   
PFI 0.3312 1.7910 18.492 
PFII-BEKK-GARCH 0.3657 1.5623 23.407 
PFII-CCC-GARCH 0.3489 1.5599 22.366 
PFII-DVEC-GARCH 0.3521 1.5300 23.013 
Automobile & Parts   
PFI 0.3128 2.9097 10.750 
PFII-BEKK-GARCH 0.2505 2.4369 10.270 
PFII-CCC-GARCH 0.2507 2.4005 10.443 
PFII-DVEC-GARCH 0.2491 2.3688 10.515 
Banks   
PFI 0.3157 1.9801 15.943 
PFII-BEKK-GARCH 0.3736 1.6783 22.260 
PFII-CCC-GARCH 0.3499 1.6699 20.953 
PFII-DVEC-GARCH 0.3560 1.6470 21.615 
Basic Materials   
PFI 0.1009 3.4208 2.949 
PFII-BEKK-GARCH 0.1252 2.7531 4.547 
PFII-CCC-GARCH 0.0966 2.7392 3.526 
PFII-DVEC-GARCH 0.0978 2.6756 3.655 
Utilities   
PFI 0.3299 2.5419 12.978 
PFII-BEKK-GARCH 0.2935 2.2201 13.220 
PFII-CCC-GARCH 0.2928 2.2173 13.299 
PFII-DVEC-GARCH 0.2867 2.1689 13.418 
Industrials   
PFI 0.2032 2.9433 6.903 
PFII-BEKK-GARCH 0.1989 2.4832 8.009 
PFII-CCC-GARCH 0.1982 2.4435 8.139 
PFII-DVEC-GARCH 0.1677 2.4072 6.966 
Consumer Services   
PFI 0.4077 2.5202 16.177 
PFII-BEKK-GARCH 0.3597 2.0422 17.613 
PFII-CCC-GARCH 0.3385 2.0702 16.351 
PFII-DVEC-GARCH 0.3620 2.0128 17.984 
Financial services   
PFI 0.4906 2.5557 19.196 
PFII-BEKK-GARCH 0.4659 2.1356 21.815 
PFII-CCC-GARCH 0.4342 2.1294 20.390 
PFII-DVEC-GARCH 0.4389 2.1237 20.666 
* Figures in boldface indicate the highest mean, standard deviation, and risk-return trade-off. 
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Table 7 
Hedging effectiveness. 
Portfolio Variance (%) HE (%) 
Tunindex   
PFI   
PFII-BEKK-GARCH 3.2761 _____ 
PFII-CCC-GARCH 2.6097 20.3412 
PFII-DVEC-GARCH 2.7251 16.8187 
Automobile & Parts 2.6170 20.1184
PFI   
PFII-BEKK-GARCH 9.0531 _____ 
PFII-CCC-GARCH 6.4928 22.8845 
PFII-DVEC-GARCH 7.0454 22.1769 
Banks 6.9093 23.682 
PFI 4.2464 _____ 
PFII-BEKK-GARCH 3.1300 26.2905 
PFII-CCC-GARCH 3.2884 22.5651 
PFII-DVEC-GARCH 3.1274 26.3542 
Basic Materials   
PFI 12.2135 _____ 
PFII-BEKK-GARCH 0.3355 31.5564
PFII-CCC-GARCH 0.3298 33.9852 
PFII-DVEC-GARCH 0.3374 33.7492 
Utilities   
PFI 6.4506 _____ 
PFII-BEKK-GARCH 4.9930 22.5967
PFII-CCC-GARCH 5.0425 21.8284 
PFII-DVEC-GARCH 4.9802 22.7951 
Industrials   
PFI 9.2566 _____ 
PFII-BEKK-GARCH 6.6259 28.4251 
PFII-CCC-GARCH 6.8137 26.3964 
PFII-DVEC-GARCH 6.6388 28.2812 
Consumer Services   
PFI 6.0926 _____ 
PFII-BEKK-GARCH 4.3551 28.5234 
PFII-CCC-GARCH 4.4427 27.0859 
PFII-DVEC-GARCH 4.4587 26.8178 
Financial services   
PFI 6.5376 ______ 
PFII-BEKK-GARCH 4.9672 24.0224 
PFII-CCC-GARCH 5.0795 22.3021 
PFII-DVEC-GARCH 5.0584 22.6259 
* Numbers in boldface indicate the hedged portfolio with lowest variance and the highest variance reduction. 
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     The results show that hedging strategies involving oil and stock assets make it possible to reduce portfolio risk 
(variance) considerably. When only the models that provide the best hedging effectiveness for each pair of markets 
are considered, the variance reduction ranges from 20.341 % (Tunindex) to 33.985% (Basic Materials). 
    As shown in table 6, the lowest and highest HE ratios are given by the CCC GARCH. Moreover, this variance 
reduction differs significantly across sectors. The portfolio variance is reduced most greatly when the BEKK-
GARCH are used. In addition, the BEKK-GARCH model is more effective than the others models to minimize the 
risk of oil-stock portfolio. 
 
7. Conclusions  
    This paper investigated the transmission of volatility and shocks between world oil price and seven sector stock 
indices of Tunisia using a BEKK representation of a bivariate GARCH model. The main advantage of this 
representation is that it guarantees the positive definiteness of the covariance matrix under very weak conditions, 
and it reduces significantly the number of parameters to estimate. We also analyzed the optimal weights and hedge 
ratio for building optimal portfolios to minimize the risk. 
    Our empirical results point to the existence of significant shock and volatility spillovers across oil and Tunisian 
sector stock markets, but the intensity of volatility interactions varies from one sector to another. However, the 
spillover is usually unidirectional from oil markets to stock markets. The conditional variance of a stock sector 
returns is affected not only by the volatility surprises of the stock market, but also by those of oil market. 
    In addition, our examination of optimal weights suggests that adding the oil asset into a well-diversified portfolio 
leads to the improvement of its overall risk-adjusted return performance. The results show that the optimal weights 
and hedge ratio for the oil asset in the hedged portfolios varies from one sector to another and from one model to 
another. Likewise, our hedge ratios between oil and sector stock markets permit us to effectively hedge the oil price 
risk using the short position of sector stock indices. The BEKK-GARCH model is more effective than the others 
models to minimize the risk of oil-stock portfolio. The results show that hedging strategies involving oil and stock 
assets make it possible to reduce portfolio risk (variance) considerably. 
     As a natural extension of the analysis conducted in the present paper, it is possible to use the copula theory to 
improve the modeling of dependence between markets. If the portfolio is composed of more than two active, the 
number of parameters of MGARCH model increases enormously. The DCC-GARCH model can be used to estimate 
the conditional variance and covariance and determine the optimal strategy of coverage. This will be the object of 
future work. 
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